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Acute lung injury induced by cardiopulmonary bypass is a well-known complication of cardiac surgery
that contributes signiﬁcantly toward postoperative morbidity and mortality. We present two cases of
acute lung injury following cardiac surgery in children with unilateral pulmonary agenesis. Although
these surgeries were successfully performed, the children experienced severe respiratory failure after
cardiopulmonary bypass. One patient required prolonged ventilatory support with inhaled nitric oxide,
whereas the other was supported postoperatively with extracorporeal membrane oxygenation. The acute
lung injury induced by cardiopulmonary bypass should be considered a serious complication in children
with unilateral pulmonary agenesis.
 2013 Elsevier Inc. Open access under CC BY-NC-ND license. Pulmonary agenesis is a rare congenital anomaly that has been
deﬁned as a complete defect of the parenchyma, bronchus, and
artery. The incidence of unilateral pulmonary agenesis (UPA) has
been estimated approximately one in every 10,000e20,000
autopsies [1]. Most cases have other associated congenital abnor-
malities. Although rare cases of the successful surgical repair of
a combination of UPA and congenital heart disease have been re-
ported previously [2e5], there are no reports that describe its
perioperative complications. Cardiopulmonary bypass (CPB)-
induced acute lung injury (ALI) is a well-known complication of
cardiac surgery that contributes signiﬁcantly toward postoperative
morbidity and mortality. Here we present two cases of cardiac
surgery in children with UPA who had severe CPB-induced ALI.1. Case reports
1.1. Case 1
A male newborn (gestational age, 38 weeks; birth weight,
3500 g) was referred to our institution at 6 days of life with
tachypnea and cyanosis. A chest radiograph demonstrated right
UPA (Fig. 1), and echocardiography and cardiac catheterization
demonstrated a supracardiac total anomalous pulmonary venousþ81 78 735 0910.
(T. Hasegawa).
-NC-ND license. connection (TAPVC) type Ib. Abdominal sonography showed severe
bilateral hydronephrosis. At 9 days of life, the patient underwent
emergent repair of the TAPVC with CPB through a right thora-
cotomy. Under moderate systemic hypothermia and intermittent
cold blood cardioplegia, a side-to-side anastomosis of the pulmo-
nary venous conﬂuence and the left atriumwas performed through
a superior approach between the superior vena cava and the aorta.
After modiﬁed ultraﬁltration following CPB, the patient’s arterial
oxygen saturation levels gradually decreased to 80%, and inhaled
nitric oxide was required postoperatively. On postoperative day
(POD) 1, left arterial pressure was 9 mm Hg, and PaO2/FIO2 (P/F)
ratio was 222 mm Hg. Pulmonary venous stenosis was not
conﬁrmed by Doppler echocardiography (peak velocity at anasto-
motic site, 0.6 m/s). A chest radiograph demonstrated left pulmo-
nary inﬁltration, and ﬁberoptic bronchoscopy on POD 6 revealed
tracheal stenosis due to mucosal edema in the central airway.
Despitemedical support, which included corticosteroid and inhaled
nitric oxide, the patient required prolonged ventilatory support and
peritoneal dialysis, and eventually died from severe renal failure on
POD 100.
1.2. Case 2
A male infant with ventricular septal defect (VSD), interrupted
aortic arch type A, and right UPA underwent aortic arch recon-
struction using the Blalock-Parkmethod through a left thoracotomy
at 2months of age [6], and VSD closure through a right thoracotomy
Fig. 1. Right UPA in case 1. Chest radiograph demonstrates complete opacity of the
right hemithorax and a right-sided shift of the mediastinum.
Fig. 2. CPB-induced ALI in case 2, right UPA. Postoperative chest radiograph demon-
strates pulmonary inﬁltration and atelectasis of the entire left lung.
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without respiratory distress, but Doppler echocardiography during
the follow-up revealed gradual deterioration of left ventricular
outﬂow tract obstruction (LVOTO) with discrete subaortic stenosis.
The patient underwent LVOTO release by subaortic membrane
resection through a right thoracotomy at 6 years of age, and by
modiﬁed Konno procedure through a median sternotomy at 10
years of age. CPB was established with an ascending aortic cannula
and bicaval venous cannulas, and myocardial protection was ach-
ieved using moderate systemic hypothermia and intermittent
cold-blood cardioplegia. During both surgeries, transesophageal
echocardiography, just before coming off CPB, revealed good left
ventricular (LV) function and mild mitral regurgitation. However,
following CPB, copious frothy drainage emerged from the endo-
tracheal tube after modiﬁed ultraﬁltration. This was followed by
acute hypoxic and hypotensive decompensation. The P/F ratio was
79 mm Hg and 52 mm Hg during the ﬁrst and second surgeries,
respectively. For postoperative respiratory management, extracor-
poreal membrane oxygenation support (ECMO) was instituted in
the cardiac intensive care unit. A chest radiograph demonstrated
pulmonary inﬁltration and atelectasis of the left lung (Fig. 2), and
ﬁberoptic bronchoscopy revealed tracheal stenosis due to mucosal
edema and hemorrhage in the central airway. Additional sivelestat,
steroid, and nitric oxide therapies were performed. The patient’s
lung condition improved gradually, allowing discontinuation of
ECMO on POD 2 after the ﬁrst surgery and on POD 28 after the
second surgery. Although postoperative hemodynamics was stable,
the patient died 50 days after the second surgery because of
multiple organ failure and infection.2. Discussion
The present report is the ﬁrst to describe CPB-induced ALI cases
in children with UPA. CPB-induced ALI is a well-known pulmonary
ischemia-reperfusion injury arising from systemic inﬂammatory
responses following CPB, and resulting in increased intrapulmonary
shunting, atelectasis, increased alveolar-arterial oxygen partial
pressure difference, increased pulmonary edema, and decreased
pulmonary compliance [7]. The consensus deﬁnition of ALI includes
the following: acute onset; P/F ratio  300 mm Hg; bilateral diffusepulmonary inﬁltrations on chest radiography; and no clinical
evidence of left atrial pressure elevation [8]. In both of the present
cases, severe respiratory failure with decreased P/F ratio was
observed after CPB. Postoperatively, chest radiograph showed left
pulmonary inﬁltration (not bilateral in these UPA cases), and
ﬁberoptic bronchoscopy revealed tracheal mucosal edema in the
central airway. There was no clinical evidence of impaired LV
function. On the basis of these ﬁndings, as well as the copious frothy
drainage emerging from the endotracheal tube, the diagnosis of
CPB-induced ALI was made.
Several cases of successful cardiac surgery for children with UPA
have been reported previously, including VSD repair, atrial septal
defect repair, TAPVC repair, and bidirectional Glenn procedure with
atrial septal defect enlargement [2e5]. We have also successfully
performed cardiac surgeries, including VSD repair and Rastelli
procedure in childrenwith UPA. Because postoperative CPB-induced
ALI was not seen in any of these cases, there seems to be no speciﬁc
anatomic issue contributing to the complication. If selection of the
optimal surgical approach is based solely on patient’s anatomical
features, the indications for cardiac surgery for UPA would be the
same as that for other conditions. However, unilateral pneumonec-
tomy can cause development of severe, often lethal, respiratory
failure in the remaining lung secondary to pulmonary edema from
ischemia-reperfusion injury, ﬂuid overload, atelectasis-reexpansion,
and ventilator-induced lung injury [9e11]. Once the CPB-induced ALI
occurs in children with UPA because of inciting factors, it may
contribute to a high risk of postoperative morbidity and mortality.
Although cardiac surgeries were successfully performed in the
present cases, both children ultimately died. To the best of our
knowledge, after reviewing the literature, the neonate in case 1 of
the present report was the youngest patient with UPA upon whom
cardiac surgery was performed, and we found no surgical report of
an LVOTO release such as that performed in case 2. The age at surgery
is an important risk factor for morbidity and mortality in children
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associated with CPB-induced ALI; in case 2, compression of the
ventilated lung due to left lateral decubitus position during the ﬁrst
surgery may have been an inciting factor. Further studies are needed
to elucidate cardiac surgical risk factors in children with UPA.
In conclusion, we experienced two cases of CPB-induced ALI in
childrenwith UPA. It is important to keep inmind that CPB-induced
ALI is one of the most serious complications of cardiac surgery in
these children, and a precise understanding of the anatomy and
careful perioperative management is necessary to avoid post-
operative complications.
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